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Abstract
Purpose: The aim of this study was to examine systemic responses of oxidant/antioxidant status following 2 training sessions of different intensity
in amateur rhythmic gymnasts.
Methods: Before the experimental training, 10 female gymnasts performed a gradually increased exercise test to assess maximal heart rate,
maximal oxygen consumption, and anaerobic threshold. They executed 2 intermittent training sessions separated by 48 h of recovery (48 h-post R):
the first was performed at low-moderate intensity (LMI) and the second at high intensity (HI). Blood samples were collected immediately pre- and
post-training and 48 h-post R. Hydroperoxide level (OxL) and total antioxidant capacity (TAC) were photometrically measured.
Results: OxL was significantly higher in post-training and 48 h-post R following HI than the same conditions after an LMI session (HI vs. LMI
post-training: 381.10 ± 46.17 vs. 344.18 ± 27.94 Units Carratelli (U.CARR); 48 h-post R: 412.21 ± 26.61 vs. 373.80 ± 36.08 U.CARR). There was
no change in TAC between the 2 training sessions investigated. In LMI training, OxL significantly decreased in post-training and increased to reach
the baseline at 48 h-post R, whereas TAC increased only at 48 h-post R. In HI training, OxL significantly increased to reach a high oxidative stress
48 h-post R, whereas TAC was lower in post-training than pre-training.
Conclusion: The pattern of OxL and TAC levels implies different regulation mechanisms by HI and LMI training sessions. High oxidative stress
induced by an HI protocol might be associated with both insufficient TAC and recovery time at 48 h necessary to restore redox balance.
© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
In the past decade, several studies proved a strict relationship
between exercise physiology and cellular oxidant/antioxidant
systems, emphasizing that these can influence both sport per-
formance and individual health status,1,2 respectively. It is well
known that the reactive oxygen species (ROS) are physiologi-
cally produced during cellular respiration. These can serve as
messenger molecules that have an important role in triggering
signaling cascades that modulate changes in cell and tissue
homeostasis and gene expression.3,4 However, when the
production of ROS is excessive and not counterbalanced by
adequate antioxidant reserves, this may lead to a disruption of
redox signaling and cause oxidative stress, which has been
shown to be a risk factor for the onset of many diseases.1,3,4 This
phenomenon has been widely observed in both contracting and
disuse atrophic muscle and may implicate an oxidative damage
to lipids, DNA, and proteins, contributing to muscular aging
with consequent loss of muscle mass and function.5–7 The
activity-dependent ROS production may contribute to fatigue
during strenuous exercise or modulate the repair process during
recovery from high-intensity or damaging exercise.2,8 Param-
eters characterizing exercise such as type, intensity, duration,
and energy demands have been reported to influence redox
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homeostasis.9–11 For instance, a single bout of strenuous exer-
cise as well as acute endurance and intermittent exercise has
been shown to increase the markers of lipid and protein
peroxidation and reduce the antioxidant enzyme activity.9,12,13
Moreover, recently it has been observed that plasma redox
status changes according to the practiced sport and also when
an athlete is exposed to unaccustomed physical activity.11,13
Rhythmic gymnastics is an artistic and aesthetic sport that
requires high values of strength, flexibility, balance, and tech-
nical ability.14 Competition exercises have a short length (from
about 1 min and 30 s to 2 min and 30 s) and demand maximal
efforts, especially during the execution of jumps and leaps.15 It
is also known that in aesthetic sports, female athletes are at high
risk for developing the athletic triad characterized by menstrual
cycle abnormalities, eating disorders, and premature osteopo-
rosis. These factors may affect the redox state and induce oxi-
dative stress in athletes.16 Several studies indeed reported
an altered redox balance in female gymnasts and ballet
dancers.17–19 Nevertheless, little is known about ROS levels and
antioxidant capacity in rhythmic gymnasts.
Therefore, the aim of this study was to examine plasma
levels of hydroperoxides and antioxidant capacity in amateur
rhythmic gymnasts before and after 2 training sessions at dif-
ferent intensities and 48 h post-sessions.
2. Materials and methods
2.1. Subjects
Ten young women (age: 23.80 ± 3.42 years; weight:
52.58 ± 4.57 kg; height: 158.42 ± 2.20 cm; body mass index:
20.88 ± 1.23 kg/m2), practicing rhythmic gymnastics for
13.14 ± 5.40 years, voluntarily participated in this study. They
regularly exercise trained about 1 h per session 3 times a week.
Before data collection, gymnasts filled out an anamnesis ques-
tionnaire to exclude those who smoked, took medications
(including contraceptive pills), or had recent musculoskeletal
injures.Moreover, they declared that they were amenorrheic and
during the week of experimentation were at Day 23.02 ± 3.16 of
theirmenstrual cycle, corresponding to the luteal phase, inwhich
the lowest ROS production has been reported.20 After a careful
explanation of the testing and training protocol and the possible
risks and benefits involved, all gymnasts provided their written
informed consent for participating in this study. The study was
approved by the local Ethical Committee of the University of
Palermo. All procedures were done in accordance with the
Declaration of Helsinki.
2.2. Study design
Four weeks before measuring pro- and antioxidant capaci-
ties, gymnasts were instructed to discontinue any vitamin or
antioxidant dietary supplementation. To assess their dietary
consumption, they completed a 7-day food diary, from which it
emerged that caloric and nutrient ingestion was in accordance
with the daily intake levels of nutrients recommended for the
Italian population.21 Therefore, all gymnasts were invited to
follow the same dietary plan 1 week before testing sessions and
during training protocols. The application of dietary instruc-
tions by gymnasts was checked with a face-to-face interview
before testing. Two weeks before blood sampling, the partici-
pants performed a gradually increasing exercise test on a
treadmill to measure maximal oxygen consumption (VO2max),
maximal heart rate (HRmax), and anaerobic threshold (AT).22
These physiological variables were assessed to quantify the
exercise intensity of rhythmic gymnastics sessions as HR was
monitored telemetrically in all athletes during the training ses-
sions. Gymnasts were instructed not to perform any physical
activity 48 h before testing and training sessions. They executed
2 training sessions in the same week separated by 48 h of
recovery (48 h-post R): the first was performed at low-moderate
intensity (LMI) and the second at high intensity (HI) (see
Session 2.4). Blood samples were taken immediately before and
after both training sessions and 48 h after both sessions. In this
way, the sample corresponding to 48 h-post R after the first
training session was the one corresponding to pre-training for
the second training session.
2.3. Measurement of VO2max, HRmax, and AT parameters
To define the workload for both protocols of training ses-
sions, each subject was initially assessed for VO2max, HRmax, and
AT parameters through a laboratory-graded exercise test per-
formed on a motorized treadmill (COSMED T150; COSMED
Srl, Rome, Italy) using a breath-by-breath cardiopulmonary
metabolic system (Quark CPET system; COSMED Srl). Gym-
nasts were previously familiarized to the testing procedures.
The test started with a 3 min warm-up (4 km/h and 0% eleva-
tion), followed by an initial speed of 7 km/h with 2% of eleva-
tion, and continued with speed increases in 1 km/h per 1 min
stage (elevation fixed at 2%) until exhaustion. During the cool-
down, subjects walked for 5 min at a speed of 2 km/h and 0% of
elevation. The test was stopped when subjects were unable to
maintain the required work rate, and VO2max was defined as the
highest consecutive 30 s average value achieved during the test.
The AT parameter was indirectly detected using V-slope
method, a computerized regression analysis of the slopes of
CO2 uptake and O2 uptake plots.23
2.4. Training protocols of rhythmic gymnastics sessions
Both training protocols consisted of exercises aimed to
develop anaerobic power, muscle strength, flexibility, agility,
and body balance and differed from one other in training inten-
sity: one session was planned at LMI and the other at HI. The
intensity was established according to the number of exercise
sets, repetitions, and recovery times among exercises. In the HI
session, set and repetition numbers and recovery times were
respectively higher and shorter than in the LMI session.
Both training sessions had a 45 min duration, starting with a
10 min warm-up, followed by a 30 min central training phase
and finishing with a 5 min cool-down. During the warm-up,
gymnasts performed various types of slow running (frontal,
lateral, skipped) and dynamic stretching, especially in the
lower limbs. The central training phase contained jumps, leaps,
across-the-floor exercises, balances, turns, flexibility move-
ments, and technical-artistic skills of rhythmic gymnastics.
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Before cooling down, participants executed a competition
performance (1 min-and-30 s duration) coordinated to music
(4/4 beat) without technical apparatus. At the end, they per-
formed static stretching of various body segments.
During the training sessions, HR was recorded with the Polar
Team System (Polar Electro Oy, Kempele, Finland) to assess
the training intensity according to the time that gymnasts spent
in each HR zone. The latter was divided into 5 ranges expressed
as a percentage of HRmax (50–59, 60–69, 70–79, 80–89,
90–100), and HR over anaerobic threshold was also analyzed.
Exercise intensity with HR < 80% and ≥ 80% of HRmax were
considered as LMI and HI, respectively.24
2.5. Measurement of oxidant and antioxidant capacity
Oxidative stress evaluation was performed with a portable
integrated analytical system composed of a photometer and a
mini-centrifuge (FRAS 4 Evolvo; H&D Srl, Parma, Italy)
immediately before and after the training session and 48 h after
both sessions. Samples of whole capillary blood were centri-
fuged for 1 min and 30 s immediately after being harvested with
a finger puncture, and 10 μL of plasma was used for measuring
the concentration of hydroperoxides (using d-ROMs testing;
see next paragraph) and antioxidant capacity (using BAP
testing; see later).25
The test of active oxygen metabolites (d-ROMs; Diacron
International Srl, Grosseto, Italy) measures increases in red
color intensity after the addition of a small quantity of plasma
to a solution of N,N-diethylparaphenylendiamine (chromogen),
buffered to pH 4.8. Such coloring is attributed to the cation
radical formation of the amines via oxidation, which is due to
alkoxyl and peroxyl radicals. The latter derive from the reaction
of the Fe2+ and Fe3+ ions released by proteins in acidic condi-
tions as created in vitro. The results are expressed as Units
Carratelli (U.CARR), and it has been experimentally estab-
lished that 1 U.CARR corresponds to 0.08 mg/dL H2O2. The
normal values of a d-ROMs test range from 250 to
300 U.CARR (i.e., between 20 and 24 mg/dL H2O2).26
The test of biological antioxidant power (BAP; Diacron
International Srl) measures the capacity of a plasma sample to
reduce the iron of a colored complex containing ferric ions to
its colorless ferrous derivative. The chromatic change of
this reaction was photometrically measured at 505 nm, and the
results were expressed in μmol/L of reduced iron using ascorbic
acid as a standard. The normal value of a BAP test is
>2200 μmol/L. To maintain consistency, the same set of kits
was used for all tests, and the same operator using the same
calibrated machine carried out all tests.
2.6. Statistical analysis
Data are presented as mean ± SD. Assumption of normality
was verified using the Shapiro-Wilk test (W U.CORR = 0.93)
(W total antioxidant capacity = 0.96). Subsequently, to deter-
mine any significant differences among pre-training, post-
training, and 48 h-post R, a within subject one-way analysis of
variance (ANOVA) was applied for each training type. When a
significant F value was found, least-significant difference
(Bonferroni) was chosen as the post hoc procedure. A paired t
test (two-tailed; information coefficient 0.95%) was adopted to
display differences in LMI vs. HI for each stage (pre-training,
post-training, and rest). A statistical analysis was performed
using the software SPSS Statistic Version 15.0 (SPSS Inc.,
Chicago IL, USA). Level statistical significance was set at a
p < 0.05.
3. Results
3.1. Analysis of training session intensity
VO2max, HRmax, and AT parameters registered during the
laboratory test are shown in Table 1. During the LMI training
session, HRpeak and HRaverage were 178.33 ± 3.79 beats per minute
(bpm) (96.60% ± 2.05% HRmax) and 122.00 ± 8.89 bpm
(66.09% ± 4.81% HRmax), respectively; whereas during
the HI session, these parameters were 187.33 ± 5.86 bpm
(101.48% ± 3.17% HRmax) and 149.00 ± 7.63 bpm (80.71% ±
4.13% HRmax), respectively. The percentage of training time
that gymnasts spent in every HR zone is reported in Table 2.
Particularly, the total time spent below 80% HRmax was
82.36% ± 4.19% in the LMI training session with 5.53% ± 0.27%
over AT, whereas in the HI session 42.34% ± 2.34% of the
total time was spent above the 80% HRmax with 24.92% ± 1.47%
over AT.
3.2. Evaluation of plasma redox status
Gymnasts’ pro-oxidant and antioxidant levels obtained in
response to both training protocols are shown in Fig. 1. Before
both training sessions, gymnasts presented the same amount
of hydroperoxides (p > 0.05), corresponding to a condition of
middle oxidative stress according to theCARRclassification.25,26
The levels of oxidants significantly decreased after the LMI
session and reached the baseline at 48 h-post R. The U.CARR
value reached in the LMI after training was at the border of mild
oxidative stress. In contrast, the pattern of plasmatic pro-oxidant
levels was different in response to the HI training session. In
detail, the baseline hydroperoxide level remained unchanged
after training and significantly increased to overcome the initial
value at 48 h-post R (48 h-post R vs. pre- and post-training,
p < 0.01). The reached value corresponds to a condition of high
oxidative stress according to CARR classification.25,26 Compar-
ing pro-oxidant production between the 2 training protocols, a
significantly higher value was reached at immediately after
training and 48 h-post R following theHI session comparedwith
the value after the LMI session (p < 0.01) (Fig. 1A).
Table 1
Rhythmic gymnasts’ physiological variables at baseline (mean ± SD).
Variable Value
VO2max (mL/kg/min) 39.80 ± 6.34
HRmax (bpm) 184.60 ± 6.02
AT (mL/kg/min) 31.27 ± 5.09
AT (bpm) 161.60 ± 11.67
Abbreviations:AT = anaerobic threshold expressed as aVO2 value (mL/kg/min);
and an HR value (bpm); bpm = beats per minute; HRmax = maximum heart rate;
VO2max = maximal oxygen consumption.
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The plasmatic values of antioxidant capacity detected in
both training sessions fell into the normal range according to
the CARR classification.25,26 As exhibited in Fig. 1B, the base-
line antioxidant capacity did not change after an LMI session
(p = 0.307), whereas it increased at 48 h-post R compared with
pre- and post-training (F(1,8) = 3.815 with p = 0.035). In the HI
training session, we found a lower level of antioxidant capacity
in post-training than in pre-training (p = 0.011) and a signifi-
cant difference between pre- and post-training vs. 48 h-post R
(F(1,8) = 5.067 with p = 0.014). From the comparison of the 2
training sessions, we detected that antioxidant capacity in the
HI pre-training session was significantly higher than in the LMI
pre-training session (p < 0.05), whereas there was no significant
variation between post-training conditions and between recov-
ery periods according to different training intensities.
4. Discussion
This study investigated the blood responses of the redox
system to 2 training sessions typical of rhythmic gymnastics
performed at different intensities. The first interesting result
showed that the baseline levels of hydroperoxides corresponded
to middle oxidative stress. This might be due to insufficient
levels of plasma antioxidant capacity and/or an adaptive
response to chronic exercise training, which determines an
enhanced tolerance to exercise-induced stress. In our study,
although the baseline antioxidant capacity was in the normal
range, it might be not have been enough for athletes subjected
to high-intensity exercises. Other authors found an altered anti-
oxidant enzyme profile in competitive rhythmic gymnasts com-
pared with their sedentary peers.17 In regard to the increased
amount of oxidants at baseline, our data are confirmed by a
previous study in which rhythmic gymnasts showed higher lipid
peroxidation than untrained healthy female adolescents.18 This
value might increase as a result of a lowering of the suscepti-
bility threshold of redox sensors due to a training-adaptation
process and a higher ability of gymnasts to adapt to oxidative
stress.27 Different basal lipid peroxidation levels were also
found in the blood of top-level athletes in rowing, cycling, and
taekwondo, proposing a sport-specific adaptation for ROS
production.11 These data imply a crucial role of ROS as media-
tor of some adaptive responses of skeletal muscle to contractile
activity through the specific activation of redox-sensitive tran-
scription factors, as also shown by other studies.28
In this study, we reproduced 2 training sessions separated by
48 h of recovery, which were usually performed by gymnasts in
the same week, to collect data useful to coaches for establishing
a healthy plan for training sessions. These protocols differed in
intensity and had significantly dissimilar effects on pro-oxidant/
antioxidant status. After the percentage of time spent at HR
above the AT was analyzed, it was determined that the LMI
session could be considered an intermittent training protocol
with a predominant aerobic component, whereas the HI session
was intermittent training with a prevalent anaerobic component.
Table 2
Gymnasts’ workload during training sessions (mean ± SD).
Training session HR zone (%HRmax)
50-59 60-69 70-79 80-89 90-100 Over AT
LMI 32.61 ± 1.86 31.25 ± 1.62 18.50 ± 0.71 14.11 ± 0.76 3.60 ± 0.15 5.53 ± 0.27
HI 2.90 ± 1.39 21.27 ± 1.27 33.74 ± 2.02 18.96 ± 1.06 23.38 ± 1.28 24.92 ± 1.47
Note: Percentage of minutes spent in every HR zone considering a training total time (from 50% over AT) during LMI and HI training sessions.
Abbreviations: AT = anaerobic threshold; HI = high intensity; HR = heart rate; LMI = low-moderate intensity; %HRmax = percentage of maximal heart rate.
Fig. 1. Total hydroperoxide concentration (A) and total antioxidant capacity
(B) before (pre-training), immediately after (post-training), and 48 h after
recovery (R) in response to low-moderate intensity (LMI) and high-intensity
(HI) trainings. 1 U.CARR = 20–24 mg/dL H2O2. *p < 0.01, compared with
post-training LMI; #p < 0.05, compared with post-training LMI; †p < 0.01,
compared with R HI; §p < 0.01, compared with R LMI; a p < 0.05, compared
with pre-training HI; b p < 0.05, compared with R HI; c p < 0.05, compared with
R LMI. HI = high-intensity; LMI = low-moderate intensity.
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The HI session induced a higher production of hydroperoxides
than the LMI session following training and even 48 h after
recovery. This might be explained by a larger presence of an
anaerobic metabolic contribution and/or eccentric and isomet-
ric muscle contractions in the HI compared to the LMI protocol,
as suggested by other studies.9,10,19,27 The mechanisms by which
this increased ROS production can occur might be ischemia-
reperfusion phenomena and inflammatory responses related to
muscle damage induced by exercise.19,27,29 Some products of
oxidative reactions may not be elevated directly after exercise
and can reach their maximal levels hours, or even days, after the
end of exercise.9,27
In the present study, oxidant levels increased not immediately
after HI training but rather 48 h after recovery, compared with
baseline levels. These levels were associated with a high oxida-
tive stress that might contribute to fatigue.2 Our results are con-
firmed by other studies in which pro-oxidant blood biomarkers
(thiobarbituric acid reactive substances, malondialdehyde,
protein carbonyls) increased throughout the recovery period, par-
ticularly 24, 48, and 72 h after HI exercises.9,19,27 In these studies,
the increase in oxidative activity was associated with an increase
in creatine kinase activity through 48 h of recovery, implying
exercise-induced skeletal muscle damage. Therefore, these find-
ings suggest that in our study elevated levels of hydroperoxides
found 48 h after HI training might result from an inflammatory
response induced by exercise. Moreover, the decline in total
antioxidant capacity after HI training might contribute to an
increased plasma hydroperoxide concentration in gymnasts,
as reported in other studies.6,19,27 Because antioxidant capacity
found 48 h after the HI session approached the baseline value,
we speculated that more recovery time should be necessary to
restore redox balance. Comparing both training protocols, it
appears that the training intensity does not affect antioxidant
capacity, although its trend is different in response to LMI and HI
sessions. This might mean that there is an elevated adaptability of
the antioxidant system to chronic exercise.30 The significantly
higher level of antioxidant capacity in HI compared to LMI at
pre-training suggests that an LMI session can positively influ-
ence the antioxidant activity of a following training session when
the intersession duration is 48 h.
Different from the HI protocol, the responses of the oxidant/
antioxidant system to LMI training are quite dissimilar. In
detail, immediately after the LMI training session, gymnasts
showed an improvement in oxidative stress ranging from mod-
erate to mild, although this returned to the middle baseline
condition 48 h after training. On the other hand, total antioxi-
dant capacity did not change after training, whereas it increased
more than pre-training after 2 days of recovery. In this case,
LMI training appears to have a short- and long-term positive
effect on hydroperoxide and antioxidant activity levels, respec-
tively, suggesting different regulation mechanisms. In this
regard, it has been stated that several antioxidant enzymes may
be rapidly activated following acute oxidative stress caused by
infections, toxins, and metabolic disturbances (such as cold,
hypoxia, and ischemia), whereas other genes are upregulated in
a slower fashion in response to chronic oxidative stresses such
as aging, disease, environmental changes, and energy demands
(e.g., endurance training).31 Therefore, in the present study, the
upregulation of antioxidant capacity after recovery in the LMI
session might be the result of chronic oxidative stress. The fact
that despite an improved antioxidant capacity, an increase in
ROS levels occurred at 48 h-post R might mean that this
amount is not toxic for cells and its production is controlled
and involved in molecular mechanisms by which physiological
adaptations to exercise training are carried out.32 For example, it
has been shown that in skeletal muscle, low levels of ROS are
required for normal force production during basal conditions. A
modest ROS increase is related to an increase in force produc-
tion, whereas higher ROS concentrations lead to its decrease in
both a time- and dose-dependent manner.7 Therefore, the anti-
oxidant cellular network plays a fundamental role in maintain-
ing ROS below the physiologically compatible threshold level,
which allows ROS to function as a signaling molecule and
avoid toxic effects.32
Given the large number of eccentric muscle contractions and
strong muscle stretches in the training programs of rhythmic
gymnasts, future investigations might address whether titin, a
sarcomeric protein involved in muscle assembly, elasticity, and
stability and modulated by exercise,33 is sensitive to ROS-
mediated oxidation.
5. Conclusion
The present study showed that in moderately trained rhyth-
mic gymnasts, the plasma levels of hydroperoxides vary
according to the training intensity differently from what
happens for the total antioxidant capacity. Moreover, the pattern
of pro- and antioxidant levels implies different regulation
mechanisms during HI and LMI training sessions. It was our
intention to reproduce the same training sessions that amateur
gymnasts usually perform in 1 week to collect data useful to
coaches for establishing safe and healthy planning of training
sessions. In light of our results, 48 h of recovery following an
HI training session is not sufficient to restore redox balance. A
diet rich in antioxidants, increased recovery times, and LMI
sessions after HI training should be recommended for amateur
gymnasts. Given the early age at which gymnasts begin to train,
it becomes relevant for coaches to apply this knowledge to limit
oxidative stress-induced damages, such as muscle aging, and to
avoid injuries, over-reaching, and altered performance in gym-
nasts. Nevertheless, even though this result could be of interest
for amateur training, it is not applicable to highly trained ath-
letes who perform exercise training much more frequently, even
with multiple sessions a day. In that regard, it would be appro-
priate for oxidant/antioxidant levels to be quantified in elite
athletes.
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